Synthesis of Calcium Carbonate by Semicontinuous Carbonation Method in the Presence of Dextrans by Kontrec, Jasminka et al.
  
* Author to whom correspondence should be addressed. (E-mail: jasminka.kontrec@irb.hr) 
CROATICA CHEMICA ACTA 
CCACAA, ISSN 0011-1643, e-ISSN 1334-417X 
Croat. Chem. Acta 84 (1) (2011) 25–32. 
CCA-3446 
Original Scientific Article 
Synthesis of Calcium Carbonate by Semicontinuous Carbonation  
Method in the Presence of Dextrans 
Jasminka Kontrec,* Marko Ukrainczyk, Vesna Babić-Ivančić, and Damir Kralj 
Laboratory for Precipitation Processes, Ruđer Bošković Institute, P.O. Box 180, HR-10002 Zagreb, Croatia 
RECEIVED SEPTEMBER 3, 2010; REVISED DECEMBER 3, 2010; ACCEPTED DECEMBER 6, 2010 
 
Abstract. Precipitated calcium carbonate (PCC) was prepared by means of semicontinuous carbonation of 
Ca(OH)2 suspension, at 35 and 45 °C and in the presence of non-ionic dextran and dextran sulfate. The car-
bonation process was regulated at different predetermined values of electrical conductivity, that corresponded 
to different concentrations of dissolved Ca(OH)2: 0.5 mS cm−1 < κ25 < 5.0 mS cm−1. The results of physical-
chemical characterization of the product showed that calcite was the only polymorphic modification obtained 
in the whole range of experimental conditions investigated. In addition, it was found that morphology, crystal 
size distribution and specific surface area of PCC strongly depended on the electrical conductivity / concen-
tration of dissolved Ca(OH)2, at which the process was performed: predominantly scalenohedral crystals of 
higher surface area (about 5 m2 g−1) were produced at higher electrical conductivity, while at lower electrical 
conductivity predominantly rhomohedral calcite crystals of relatively low specific surface area were ob-
tained. In the system of the highest electrical conductivity, κ25 = 5.0 mS cm−1, and at 35 °C, the addition of 
non-ionic dextran significantly influenced the process by preventing the regulation. The crystals that ap-
peared were in the form of irregular aggregates of high specific surface area, S ≈ 29 m2 g−1. FT-IR and TG 
analyses indicated that the non-ionic dextran was adsorbed onto the calcite surface, most probably by rela-
tively strong and specific interactions between oxygen from the hydroxyl groups of dextran molecules and 
calcium ions from the crystal surface. On the contrary, the anionic dextran (dextran sulfate) exerted minor ef-
fects in the course of semicontinuous carbonation process and in the properties of the final product, PCC. 
However, the analysis of the precipitate indicated that dextran sulfate was adsorbed at the surfaces, most 
probably by the weak and non-specific electrostatic interactions. (doi: 10.5562/cca1746) 
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INTRODUCTION 
Precipitated calcium carbonate is multifunctional min-
eral filler extensively used in the paper, paints, plastics, 
cosmetics, food and textile industries. The properties of 
the calcium carbonate required by wide applications are 
different. Development of methods to produce materials 
with desired physical-chemical properties attract great 
attentions in many scientific and industrial fields. One 
route involves mechanical treatment of minerals directly 
from stone-pit to create a powdery-like form of calcium 
carbonate which is named ground calcium carbonate, 
GCC. The production of precipitated calcium carbonate, 
PCC, includes the precipitation process in which a range 
of different reactant solutions are used.1,2 The precipita-
tion of calcium carbonate may also be carried out by 
introducing gaseous carbon dioxide into the lime solu-
tion.3 Generally, carbonation of slaked lime in the batch 
process is the only commercially relevant synthetic 
route.4–8 Among the three polymorphic modifications of 
calcium carbonate (calcite, aragonite and vaterite) cal-
cite is the most important PCC polymorph in industrial 
applications. It appears in various crystalline forms 
(scalenohedral, rhombohedral, spheroidal, etc.) but the 
scalenohedral form is favoured in most of applications. 
The main disadvantage of the batch carbonation 
route is the limited possibility of controlling supersatu-
ration of the system. By using the semicontinuous car-
bonation process it is possible to adjust supersaturation 
and to control morphology and size of the PCC.9,10 In 
our previous work,11 the physical-chemical properties of 
PCC, prepared by carbonation of slaked lime in the 
batch and semicontinuous processes, were compared. 
Other important ways to influence on the PCC particle 
morphology are the use of magnetic field,12,13 high pres-
sure,14,15 or a specific additive.16–22 
The paper industry uses a huge amount of calcium 
carbonate as a filler component. The more filler is ap-
plied, the cost of the final product is lower. In addition, 
PCC tends to increase the life of a paper product be-
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cause the use of acid in the production process is usually 
avoided when PCC is employed. When PCC is incorpo-
rated into the paper matrix, it increases whiteness, 
brightness, and opacity. Thus, the investigations of PCC 
with a beneficial properties for filler-fibre composites 
remain a primary concern of the paper industry.23–27 A 
large group of organic macromolecular additives, used 
for optimizing the calcium carbonate properties, are 
water-soluble polysaccharides.16,17,28,29 These additives 
are important because of their structural similarities to 
cellulose and other wood polysaccharides. The study 
reported in this paper is a continuation of our work on 
the influence of soluble starch and non-ionic, cationic 
and anionic dextrans on the precipitation of calcium 
carbonate in the model system in which solutions of 
calcium hydroxide and carbonic acid were reactants.30 It 
was found that these additives modified the morphology 
and the size of the precipitated particles, as well as the 
composition of the precipitate. The results showed that 
the adsorption of anionic dextran inhibited crystal 
growth of PCC. Among the all additives used, calcite 
was found to be the predominant solid phase formed in 
the presence of non-ionic dextran only. It was also 
found10 that calcite in the form of scalenohedral crystals 
can be produced by a careful tuning of the semicontinu-
ous process parameters. This morphology is mostly used 
as a PCC filler in paper industry. 
The main goal of this work was to investigate the 
influence of two types of dextran, anionic and non-
ionic, on the precipitation of PCC by carbonation of 
calcium hydroxide suspension, as well as on its physi-
cal-chemical properties. The role of ionic charge and 
concentration of the selected polysaccharide in the 
process of precipitation of calcium carbonate, its crystal 
size and morphology were systematically investigated. 
The synthesis was performed under adjustable super-
saturation by using a semicontinuous process. 
 
EXPERIMENTAL 
The precipitation of calcium carbonate was performed 
in a thermostated glass reactor of 1.6 dm3 total volume 
capacity. The reactor was closed by a Teflon cover and 
was equipped with a thermometer and a conductivity 
cell connected to the Radiometer CDM 230 conductiv-
ity meter. The experiments were carried out at 35 °C 
and 45 °C. The suspension was continuously stirred at a 
constant rate (n = 400 min−1) by means of a flat-bladed 
stirrer with the dimension being 1/3 of the reactor di-
ameter (D). The stirrer was placed D/3 from the bottom 
of the reactor. In order to improve mixing and to pre-
vent the vortex formation during stirring, the reactor 
was fitted with two baffle plates of D/12 in width. The 
propagation of the precipitation process was followed 
by monitoring electrical conductivity as a function of 
time. The experiments started by bubbling the appropri-
ate gas mixture into the aqueous solution of dextran, 
until the saturation, detected as constant conductivity, 
was achieved. The gas mixture containing 20 % CO2 
and 80 % N2 (Messer Group GmbH) simulates the flue 
gases that are commonly used in the technological pro-
cesses for the production of precipitated calcium car-
bonate by carbonation route. Gas was introduced into 
the reactor through the baffles; at the bottom of each a 
nozzle of 0.7 mm in diameter was placed. Precipitation 
was initiated by a controlled addition of the thermo-
stated Ca(OH)2 suspension (γ (Ca(OH)2) = 100 g cm−1) 
into the reactor by using peristaltic pump. The electrical 
conductivity was monitored and kept constant at differ-
ent predetermined values, in the range 0.5 mS cm−1 < 
κ25 < 5.0 mS cm−1. This predetermined electrical con-
ductivity was correlated with the concentration of total 
dissolved Ca(OH)2, c(Ca)tot, determined by means of an 
ion chromatography system ICS-1100 (Dionex) fitted 
with CS16 Analytical Column.22 
The flow of the Ca(OH)2 suspension was stopped 
10 min after starting the experiment, while the gas flow 
was kept constant until the endpoint of carbonation 
reaction. This point was indicated by an abrupt drop in 
conductivity and its subsequent increase. At the end of 
each experiment, the suspension was centrifuged for 10 
min, nc = 4000 min−1, the precipitates were washed with 
small portions of water and dried at 105 °C. The pre-
cipitates were analysed by Fourier transform infrared, 
FT-IR, spectroscopy (Mattson, FT-IR spectrophotome-
ter, Genesis Series), thermogravimetry, TG (Mettler, TG 
50 thermobalance with TC 11 TA processor) and X-ray 
powder diffraction, XRD (Philips 1710 with a CuKα 
radiation), while the specific surface area was deter-
mined by the multiple BET method (Micromeritics, 
Gemini) using nitrogen gas as adsorbate. The morphol-
ogy of particles was examined by using scanning elec-
tron microscopy, SEM (Tescan TS 5136). 
Two types of commercial dextrans (Polydex 
Chemicals Ltd.), non-ionic and anionic (dextran sul-
fate), were used without further purification (Figure 1). 
Their relative molecular masses varied in the range 
6 000–500 000 g mol−1 and the mass concentrations 
varied from 60 to 6 000 mg dm−3. 
 
Figure 1. Dextran monomers: a) non-ionic, and b) anionic 
(dextran sulfate). 
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RESULTS AND DISCUSSION 
Since it is known that physical properties of slightly 
soluble salts, like calcium carbonates, principally de-
pend on the initial supersaturation and temperature, the 
carbonation process of PCC preparation performed in 
this study was conducted at two different temperatures 
(t = 35 °C and t = 45 °C) and at different value of the 
electrical conductivity that corresponded to different 
concentration of dissolved Ca(OH)2. However, a flow of 
the gas mixture, Q = 7.5 dm3 min−1 was kept constant 
during the experiments. Figure 2 shows typical progress 
curves (κ25 vs. time) recorded during the carbonation of 
slaked lime in a semicontinuous process. The experi-
ments were performed at 35 °C, under conditions of 
different predetermined value of electrical conductivity 
(0.5 mS cm−1< κ25 < 5.0 mS cm−1). 
The initial part of each curve, seen as an abrupt in-
crease of conductivity, corresponds to the dissolution of 
Ca(OH)2 introduced into the system. The conductivity 
plateaus, observed at the predetermined values, indicate 
the regulated part of the process attained by the addition 
of Ca(OH)2 suspension into the reactor. However, after 
termination of the addition of Ca(OH)2 suspension, the 
flow of the gas mixture was maintained so that the car-
bonation of Ca(OH)2 excess could be completed. Con-
sequently, κ25 rapidly decreased to the minimum value. 
Further bubbling of CO2 caused dissolution of the al-
ready prepared PCC, which is observed as a final in-
crease of κ25. The XRD and FT-IR analysis indicated 
that calcite was the only calcium carbonate polymorph 
obtained under all experimental conditions. 
The specific surface area is probably the most im-
portant property of PCC and strongly determines its 
subsequent use as filler or additive. Figure 3 shows the 
results of specific surface area measurements of calcite 
samples prepared at different conditions. It is evident 
that the specific surface area of PCC, S, gradually in-
creases with increasing the conductivity: the increase of 
S at 35 °C is from about 2.3 to 5.6 m2 g−1, while at 45 
°C this increase ranges from about 1.9 to 4.0 m2 g−1. It is 
also evident that at the same conductivity, the measured 
surface areas of calcite samples prepared at lower tem-
peratures are higher. These findings are in accordance 
with the theoretical models of precipitation by which an 
increase of driving force for precipitation, i.e. supersatu-
ration, determined by concentration of total dissolved 
calcium and carbonate, gives rise to nucleation of a 
larger number of smaller crystals having higher specific 
surface area. Therefore, the observed temperature de-
pendence of specific surface area is a consequence of 
lower CO2 solubility at higher temperatures, which 
causes lower supersaturation. 
Morphological analysis of the PCC samples ob-
tained at 35 °C showed a gradual change of the calcite 
shape with changing the supersaturation: predominantly 
rhombohedral crystals were formed at low conductivity, 
κ25 ≤ 1.0 mS cm−1 (low calcium concentration, c(Ca)tot ≤ 
2.4 mmol dm−3), rhombo-scalenohedral crystals were 
formed at moderate conductivity, κ25 > 1.0 mS cm−1 
(moderate concentrations, c(Ca)tot > 2.4 mmol dm−3), 
 
 
Figure 2. Progress curves, κ25 versus time, of semicontinuous 
carbonation process performed at 35 °C and different prede-
termined value of electrical conductivity: 0.5 mS cm-1 < κ25 < 
5.0 mS cm–1. 
 
Figure 3. Specific surface area of PCC prepared by semicon-
tinuous process at different electrical conductivity and temper-
atures. Typical SEM images of PCC prepared at lower and 
higher electrical conductivity are included. 
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while predominantly scalenohedral crystals were ob-
tained at the highest conductivity, κ25 = 5.0 mS cm−1 
(highest concentrations, c(Ca)tot = 12.0 mmol dm−3) 
investigated in this study. Similarly, at 45 °C the grad-
ual change of morphology from rhombohedral to sca-
lenohedral was also observed, with a slight shift in the 
concentration range: rhombohedral crystals precipitated 
at c(Ca)tot ≤ 3.6 mmol dm−3 (κ25 ≤ 1.5 mS cm−1), while at 
higher calcium concentrations, c(Ca)tot > 3.6 mmol dm−3 
(κ25 > 1.5 mS cm−1), the crystals of rhombo-
scalenohedral morphology were obtained. Figure 3 
shows typical scanning electron micrographs of pre-
dominantly rhomohedral PCC and predominantly sca-
lenohedral crystals obtained at lower and higher calcium 
concentrations, respectively. 
It is interesting to note that a relation between the 
morphology of PCC crystals and their specific surface 
area, S, was also found: the specific surface area of 
rhombohedral calcite was found to be S ≈ 2.0 m2 g−1, the 
S value of the truncated prismatic and/or rhombo-
scalenohedral calcite was S ≈ 3.0–6.0 m2 g−1 and of the 
scalenohedral crystals was S ≈ 7.0 m2 g−1 (Figure 3). 
Similar correlation between the morphology and the 
specific surface area of calcite was reported in the litera-
ture5,10,22 and for the batch carbonation process in par-
ticular, in which scalenohedral calcite is regularly pro-
duced in the absence of any additives. A likely explana-
tion for the observed formation of stable rhombohedral 
{104} calcite surfaces at lower calcium concentrations 
and less stable scalenohedral {214} surfaces at higher 
calcium concentrations is also in accordance with the 
fundamental precipitation principles, that postulate the 
formation of metastable, precursor, solid phases or less 
stable morphologies at a high driving force.5 In addition 
to the increase of the driving force (supersaturation) the 
morphological change might take place also because of 
different pH of the bulk solution and the different ratios 
between the calcium and carbonate concentrations. Thus, 
it was suggested that the adsorbed OH− ions, present at 
higher pH, stabilized the formation of scalenohedral sur-
faces,31 while the deplacement of the scalenohedral faces 
is inhibited by adsorption of the excess Ca species.5 
The effect of non-ionic dextran on semicontinuous 
carbonation process of PCC production was investigated 
by the addition of different concentrations of the selected 
dextran into the respective precipitation system. How-
ever, the preliminary experiments indicated that the 
strongest effect of the dextrans with molecular masses 
ranging from 6 000 to 500 000 g mol−1 were obtained for 
Mr = 150 000 g mol−1. At that, as a criterion for the rele-
vant estimate of the effect of dextran, the relative in-
crease of specific surface area of the precipitate was cho-
sen. The carbonation process in which the highest yield 
of product can be obtained (κ25 = 5.0 mS cm−1, t = 35 °C) 
was used as a representative precipitation system. 
Figure 4A shows SEM micrographs of the repre-
sentative PCC samples obtained by the carbonation 
processes performed in the presence of different mass 
concentrations of the non-ionic dextran, Mr = 150 000 g 
mol−1 (60 mg dm−3 < γ < 6 000 mg dm−3). The corre-
sponding progress curves are represented in Figure 4B 
together with the curve obtained in the model system, 
containing no dextran, which is shown for comparison. 
The micrographs indicate that the addition of non-ionic 
dextran influences the morphology and the size of PCC 
particles so that the typical scalenohedral crystals ob-
tained in the model system at κ25 = 5.0 mS cm−1 become 
aggregates of irregular crystallites with broad size dis-
tribution. This is evident even upon the addition of a 
small concentration of non-ionic dextran as 60 mg dm−3. 
The aggregation is intensified with the increase of non-
ionic dextran concentration, as well as the irregularity of 
the precipitate (Figure 4A). All this suggests a specific 
and coordinative interaction between the mineral sur-
face and the dissolved additive. 
The shape of the progress curve obtained in the 
system with the addition of the lowest concentration of 
non-ionic dextran (γ = 60 mg dm−3, curve b) does not 
significantly differ from the shape of the curve corre-
 
Figure 4. (A) Scanning electron micrographs of PCC samples 
isolated after completion the carbonation process performed at 
35 °C and κ25 = 5.0 mS cm−1 in the presence of different mass 
concentration of non-ionic dextran (Mr = 150 000 g mol−1): (a) 
0, (b) 1 500, (c) 2 500 mg dm–3. (B) Progress curves of the 
carbonation processes at: (a) 0, (b) 60, (c) 1 500, (d) 2 000, (e) 
2 500 mg dm−3 of  non-ionic dextran. (C) Duration of the 
carbonation process as a function of mass concentration of 
non-ionic dextran in suspension. 
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sponding to the model system (curve a). However, at 
higher concentrations of non-ionic dextran, the shape of 
the curves is significantly altered and the completion of 
the carbonation process significantly prolonged. Thus, 
after stopping the regulation of the process (600 s), the 
conductivity decreases relatively slowly to the value of 
about 2 to 3 mS cm−1 and increases afterwards to about 
6 mS cm−1. The subsequent slow decrease of conductiv-
ity is a consequence of conversion of the remaining 
Ca(OH)2 into PCC and completion of the carbonation 
process: it lasted almost 50 minutes at the highest con-
centration of dextran applied, in comparison to the ap-
proximately 11 minutes in the respective model system 
(Figure 4C). 
Connected to the results mentioned above, the 
specific surface area of the precipitate increased by 
increasing the mass concentration of non-ionic dextran 
up to the highest value of S = 28.8 m2 g−1 when 6 000 
mg dm−3 of non-ionic dextran was added to the system. 
Figure 5 shows the relation between the non-ionic dex-
tran concentration and the measured specific surface 
area of the PCC samples. 
The observed appearance of the uncontrolled in-
crease of conductivity (concentration) during the semi-
continuous carbonation process in the systems contain-
ing no additives and at the temperatures lower than  
30 °C has been previously described by the other au-
thors.5,9,10 Such behaviour was assumed to be a conse-
quence of the formation of an unstable precursor of the 
calcium carbonate phase, probably an amorphous cal-
cium carbonate, on the surfaces of the suspended 
Ca(OH)2 particles. The unstable phase initially inhibits 
the dissolution of the solid Ca(OH)2, but due to its ex-
treme instability, it rapidly dissolves, thus liberating the 
surface of Ca(OH)2 and causing the uncontrolled in-
crease in conductivity. Similar mechanism was also 
found in a batch precipitation system at 35 °C in the 
presence of citrate, lignosulfonate and sucrose.32 How-
ever, a possible method to avoid the uncontrolled pre-
cipitation was proposed by Ukrainczyk et al.:10 by ap-
plying a very slow addition of Ca(OH)2 suspension at 
the beginning of the carbonation process, the accumula-
tion of solid Ca(OH)2 can be prevented. 
The additional parameter that probably influences 
the propagation of carbonatization process, which mani-
fests as a change of shape of the progress curves, is the 
impact of dextran by the inhibition of ACC dissolution. 
It is known that ACC is transformed to more stable 
calcium carbonate modifications by a so-called solution 
mediated transformation, which comprises processes of 
simultaneous dissolution of ACC and nucleation and 
crystal growth of the more stable modifications, calcite 
or vaterite.33,34 However, in the presence of certain mac-
romolecules, like natural glycoproteins and polysaccha-
rides or synthetic polymers and even magnesium ions, 
ACC can be stabilized due to inhibition of its dissolu-
tion.35,36 Giles et al.37 found that the dissolution of 
Ca(OH)2 at low stirring rate is controlled by the diffu-
sion of calcium and hydroxide ions away from the sur-
face, while the dissolution is surface controlled at an 
intensive stirring. Since it is generally accepted that 
polysaccharides adsorb on mineral surfaces through 
hydrogen bonds or chemical complexation process in 
which C-2, C-3 and C-6 hydroxyl groups play crucial 
roles,38–40 the inhibition of Ca(OH)2 dissolution is likely 
to occur. In other words, the presence of dextrane may 
cause progressive Ca(OH)2 accumulation in the systems 
containing higher concentrations of dextrans. 
In order to explain the obtained shape of the prog-
ress curves, caused by the initial accumulation of solid 
Ca(OH)2, during the course of the carbonation process 
in the system containing 6 000 mg dm−3 of non-ionic 
dextran, Mr = 150 000 g mol−1, the samples were re-
moved from the precipitation system at different time 
intervals and analysed (see Figure 6). The separation 
time intervals are indicated by points 1 to 8 on the 
corresponding progress curve (Figure 6A) and a selec-
tion of FT-IR spectra of the representative solid phase 
samples are given in Figure 6B. Calcite in the samples 
was identified by the typical absorption bands, ν4 = 713 
cm−1 and ν2 = 876 cm−1, that are assigned as OCO 
bending (in-plane deformation) and CO3 out of plane 
deformation modes, respectively.41,42 The narrow band 
at 3642 cm−1 is attributed to the free stretching O−H 
vibration and a broad band centred at 3400 cm−1 to the 
hydroxyl groups of Ca(OH)2.43 The result of the semi-
quantitative estimate of the mineral phase content 
shows (Figure 6C) that during the initial part of the 
process (samples 1–3), the solid Ca(OH)2 was accumu-
lated in the system, while after stopping the regulation, 
the fraction of calcite increased as a consequence of 
Ca(OH)2 dissolution and simultaneous nucleation and 
 
Figure 5. Plot of specific surface area, S, of PCC as a function 
of different concentrations of non-ionic dextran, Mr = 150 000 
g mol−1. Experimental conditions: temperature 35 °C, κ25 = 5.0 
mS cm−1. 
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growth of calcite. After termination of the carbonation 
process (sample 8) only calcite was observed in the sys-
tem. It should be noted that the absorption bands of 
amorphous calcium carbonate3,27 at about 1490 and 1430 
cm−1 (ν3a, ν3b), 1080 cm−1 (ν1) and 866 cm−1 (ν2), as well 
as the extensively broadened bands at 725 and 690 cm−1 
(ν4a, ν4b), can be hardly detected in the presence of large 
amounts of calcite. Instead, the hypothesized presence of 
this non-crystalline modification can be confirmed by 
comparing the ratios of the maximal intensities of ν2 and 
ν4 absorption bands: in the case of pure calcite the typical 
value of ν2/ν4 of about 3 is found, while in the mixtures 
containing ACC the ratio can substantially increase as a 
consequence of the absence of ν4 absorption of ACC in 
the 713 cm−1 region.35,44 Indeed, Figure 6D shows that the 
ratio of absorption bands at about 876 cm−1 and 713 cm−1 
decrease with time and attains minimum in sample 8. 
The content of non-ionic dextran adsorbed on the 
surfaces of PCC samples and isolated at the end of car-
bonation process, was estimated by means of the ther-
mogravimetric analysis. It was found that the decompo-
sition of PCC samples, prepared in the presence of dif-
ferent mass concentrations of dextran (range from 60 to 
6 000 mg dm−3), occurred in two steps, opposite to the 
PCC samples prepared in the absence of additives. Fig-
ure 7 shows TGA curves of PCC samples prepared in 
the presence of different mass concentrations of non-
ionic dextran: the weight loss in the temperature range 
between 200 and 400 °C corresponds to the decomposi-
tion of dextran, while the decomposition of CaCO3 to 
CaO and CO2 occurs at about 800 °C. It was found that 
the content of adsorbed dextran increased with increas-
ing the addition of non-ionic dextran introduced in the 
precipitation system and the maximum value of the 
mass loss (w = 8 %) was found for the system contain-
ing 6 000 mg dm−3. However, when the mass loss of the 
adsorbed non-ionic dextran is standardized with respect 
to the surface area of respective PCC samples (inset in 
Figure 7) the approximately constant value (wdex / SCaCO3 
≈ 0.003 g m−2) was found. 
The effect of the addition of anionic dextran (dex-
tran sulfate) on the physical properties of PCC prepared 
by semicontinuous carbonation process was also investi-
gated. Somewhat surprisingly, it was found that dextran 
sulfate does not significantly influence the carbonation 
process, i.e. the process was fully controlled at any prede-
termined value of calcium concentration, even at the 
highest concentration of anionic dextran addition. Be-
sides, the morphology of thus obtained calcite was appar-
ently identical to calcite prepared in the model system: 
PCC appeared in the form of scalenohedral crystals and 
average particle size was found to be in the range from 
0.5 to 2 μm. The only difference to the model system was 
a somewhat larger specific surface area, S ≈ 7 m2 g−1. 
The results indicated that interactions between the 
positively charged mineral surface, as determined by 
 
Figure 6. (A) Progress curve, κ25 versus time, of the carbona-
tion process at 35 °C and κ25 = 5.0 mS cm−1 in the presence of 
6 000 mg dm−3 of non-ionic dextran (Mr = 150 000 g mol−1). 
Points 1-8 correspond to the samples isolated at different 
times. (B) FT-IR spectra of samples isolated at time-points 2, 
4, 6 and 8. (C) Calcite mass fractions, w, as a function of time 
corresponding to the samples 1–8. (D) The ratio of absorption 
bands, ν2/ν4 as a function of time for the samples 1–8. 
 
Figure 7. Thermogravimetric analysis of pure PCC samples 
(—) and PCC samples prepared in the presence of different 
mass concentration of non-ionic dextran (Mr = 150 000 g 
mol−1): 60 (----), 600 (⋅⋅⋅⋅⋅), 2 500 (-⋅⋅-⋅⋅) and 6 000 mg dm−3 (-
⋅-⋅-⋅). Inset A: PCC specific surface area, S, as a function of 
different concentrations of non-ionic dextran. Inset B: stan-
dardized mass fraction of non-ionic dextran, wdex / SCaCO3, as a 
function of PCC specific surface area, S. 
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acustophoretic measurements,45,46 and the negatively 
charged dextran sulfate molecules are most probably 
electrostatical and non-specific, in contrast to the more 
specific and coordinative interactions between the sur-
face calcium ions and oxygen from the hydroxyl groups 
of non-ionic dextrans. Similar electrostatic interactions 
of calcite were obtained also previously.47 Thus, the 
specific and strong coordinative interactions were found 
between the negatively charged calcite surfaces and 
oxygen from the carboxyl groups of poly-L-aspartic or 
poly-L-glutamic acid, opposite to the weak, electrostatic 
and non-specific interactions of negatively charged cal-
cite and positively charged poly-L-lysine. 
 
CONCLUSION 
The precipitation of calcium carbonate performed in 
semicontinuous carbonation process at 35 and 45 °C 
resulted in the formation of rhombohedral calcite crys-
tals at κ25 ≤ 1.0 mS cm−1 (c(Ca)tot ≤ 2.4 mmol dm−3) and 
rhombohedral or rhombo-scalenohedral crystals at κ25 > 
1.0 mS cm−1 (c(Ca)tot > 2.4 mmol dm−3). Predominantly 
scalenohedral crystals were prepared at 35 °C and κ25 = 
5.0 mS cm−1 (c(Ca)tot = 12 mmol dm−3). The specific 
surface area of PCC increased with increasing the con-
centration of Ca(OH)2 and the maximum value was 
found to be about 6 m2 g−1. 
The addition of non-ionic dextran strongly influ-
enced the carbonation process and caused an uncon-
trolled increase of dissolved calcium concentration. A 
probable reason for such a behaviour was the inhibition 
of Ca(OH)2 dissolution and the inhibition of amorphous 
calcium carbonate dissolution that was initially formed 
at the surfaces of Ca(OH)2. The inhibition was caused 
by adsorption of dextran molecules on the mineral sur-
faces. The morphology and specific surface area of thus 
prepared PCC were also influenced and the irregular 
crystal aggregates of relatively high specific surface 
area, S ≈ 29 m2 g−1 were obtained. 
The anionic dextran did not significantly influence 
the carbonation process as well as the physical proper-
ties of calcite crystals. 
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